In vitro transcribed (IVT) mRNA constitutes a versatile platform to encode antigens and to evoke CD8 T-cell responses. Systemic delivery of mRNA packaged into cationic liposomes (lipoplexes) has proven particularly powerful in achieving effective antitumor immunity in animal models. Yet, T-cell responses to mRNA lipoplexes critically depend on the induction of type I interferons (IFN), potent pro-inflammatory cytokines, which inflict dose limiting toxicities. Here, we explored an advanced hybrid lipid polymer shell mRNA nanoparticle (lipopolyplex) endowed with a tri-mannose sugar tree as alternative delivery vehicle for systemic mRNA vaccination. Alike mRNA lipoplexes, mRNA lipopolyplexes were extremely effective in conferring antitumor T-cell immunity upon systemic administration. Conversely to mRNA lipoplexes, mRNA lipopolyplexes did not rely on type I IFN for effective T-cell immunity. This differential mode of action of mRNA lipopolyplexes enabled the incorporation of N1 methyl pseudo-uridine nucleoside modified mRNA to reduce inflammatory responses without hampering T-cell immunity.
2 ABSTRACT:
In vitro transcribed (IVT) mRNA constitutes a versatile platform to encode antigens and to evoke CD8 T-cell responses. Systemic delivery of mRNA packaged into cationic liposomes (lipoplexes) has proven particularly powerful in achieving effective antitumor immunity in animal models. Yet, T-cell responses to mRNA lipoplexes critically depend on the induction of type I interferons (IFN), potent pro-inflammatory cytokines, which inflict dose limiting toxicities. Here, we explored an advanced hybrid lipid polymer shell mRNA nanoparticle (lipopolyplex) endowed with a tri-mannose sugar tree as alternative delivery vehicle for systemic mRNA vaccination. Alike mRNA lipoplexes, mRNA lipopolyplexes were extremely effective in conferring antitumor T-cell immunity upon systemic administration. Conversely to mRNA lipoplexes, mRNA lipopolyplexes did not rely on type I IFN for effective T-cell immunity. This differential mode of action of mRNA lipopolyplexes enabled the incorporation of N1 methyl pseudo-uridine nucleoside modified mRNA to reduce inflammatory responses without hampering T-cell immunity.
This feature was attributed to mRNA lipopolyplexes, as the incorporation of thus modified mRNA into lipoplexes resulted in strongly weakened T-cell immunity. Taken together, we have identified lipopolyplexes containing N1 methyl pseudo-uridine nucleoside modified mRNA as potent yet low inflammatory alternatives to the mRNA lipoplexes currently explored in early phase clinical trials. KEYWORDS: mRNA, lipopolyplexes, type I interferon, cancer therapy, T cell, modified nucleosides Page 2 of 40   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60   3 In vitro transcribed (IVT) messenger RNA (mRNA) constitutes a versatile platform to deliver antigenic information to the immune system. Systemic administration of mRNA packaged into Lipid based mRNA nanocomplexes (LR) has emerged as a particularly powerful approach to yield potent antitumor T-cell responses. [1] [2] [3] Inevitably, systemic administration of mRNA encapsulated into nanoparticles comes at the expense of an increased risk of adverse events. Toxicity to systemic administration of mRNA nanoparticles is multifaced but closely linked to the secretion of inflammatory cytokines. 4 These inflammatory responses are associated with liver damage and hematological toxicities and should hence be minimized to increase safety. 5, 6 To avoid these inflammatory responses, the RNA field has designed several mRNA modifications that strongly reduce RNA sensing by innate sensors. 7-9 Although avoidance of innate activation is vital when using mRNA in the context of protein replacement therapy, a certain level of innate immune activation needs to be maintained to evoke T-cell immunity in the context of mRNA vaccination. Identification of an mRNA nanoparticle format that combines excellent immunogenicity with sufficient (inflammatory) safety thereby represents a major challenge to enable safe application of systemic mRNA vaccines.
LR elicit potent cytokine responses reminiscent of systemic viral infections upon
systemic administration that can be a cause of adverse effects, ranging from mild flulike symptoms to liver toxicities and auto-immune pathologies. [10] [11] [12] Hybrid Lipidshell Polymer core mRNA nanoparticles (LPR) might represent valuable alternatives to LR as they combine improved colloidal stability with reduced cytotoxicity. 13, 14 Moreover, the physicochemical properties of LPR are likely to result in a differential interaction of the delivered mRNA with innate RNA sensors, which in turn might alter the immunogenicity and safety profile of LPR relative to LR. In this study, we thereby addressed the T-cell responses and inflammatory responses to an advanced LPR platform comprising a lipid shell endowed with Mannose Receptor targeting moieties. 15, 16 LPR exhibited excellent hemocompatibility and largely restricted mRNA expression to splenic antigen presenting cells upon systemic administration. Immunization with LPR instigated potent T-cell immunity and showed superior effectiveness in controlling tumor growth compared to Page 3 of 40   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60   4 intravenous immunization with antigen mRNA electroporated dendritic cells (DCs) and LR. Early innate responses to LPR were characterized by a type I IFN signature in the spleen. Nonetheless, conversely to LR, LPR did not depend on these type I IFN responses to generate cytolytic effectors. This striking behavior of LPR enabled the generation of a less pro-inflammatory yet equally potent systemic LPR vaccine by usage of N1-methylpseudo-uridine nucleoside modified mRNA (see Graphical Table of Contents).
RESULTS AND DISCUSSION:
Synthesis and characterization of Tri-Mannosylated LPR LPR nanoparticles were produced by a well-established two-step approach, comprising first the complexation of mRNA to a cationic polypeptide PEG-HpK at mRNA/polymer at weight ratio of 1/3 and then a subsequent mixing of the generated mRNA polyplexes with liposomes at mRNA/lipid weight ratio of 1/2. 17 The previously described polyethylene glycol (PEG)ylated derivative of histidylated polylysine was used to complex the mRNA into polyplexes. Liposomes were derived from those reported by Perche et al. yet the mono-mannose bearing lipid was replaced by a tri-mannose bearing diether lipid as this was demonstrated to further increase the selectivity of Mannose Receptor targeting in vitro. 15, 16 The LPR generation and characteristics are shown in Figure 1A -B. The complexation of mRNA was confirmed by the absence of mRNA migration in an agarose gel electrophoretic mobility shift assay ( Figure 1C) .
Moreover, mRNA was stable as evidenced by the absence of degradation when LPR was mixed with Fetal Clone I serum in contrast to 'naked' mRNA ( Figure 1C) . To assess mRNA integrity upon LPR incorporation, we extracted the mRNA from LPR using TRizol extraction agent and performed capillary gel electrophoresis (Agilent). As can be appreciated from Figure 1D , mRNA integrity was not affected upon LPR generation. The morphology of LPR was assessed by Transmission electron microscopy (TEM). Liposomes exhibited a spherical shape with a laminar lipid bilayer structure ( Figure 1E) . Tri-mannosylated LPR displayed the core morphology of mRNA/PEG-HpK polyplexes, which appeared surrounded by a laminar lipid bilayer structure of liposomes (Figure 1F-G) . How polyplexes become encapsulated into Page 4 of 40   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60   5   liposomes is not yet fully understood. The charge of mRNA polyplex is close to neutrality due to the presence of PEG on the polymer, this prevents strong repulsion between cationic liposomes and polyplexes favoring their interaction and encapsulation of polyplexes into the liposomes. The interaction may be also favored by (i) local high concentration of PEG favoring lipid mixing and/or bilayer destabilization and (ii) interaction between imidazole groups of the polyplex and those of the polar heads of lipids. Altogether, those interactions could favor polyplexes encapsulation.
The association of mRNA, lipids and polymer was addressed by flow cytometry through usage of fluorescein-labelled liposomes, Cy3-labelled mRNA and Cy5-labelled polymer.
The results indicated that the liposomes, the polymer and the mRNA were associated in a same particle. Based on the side and forward scatters of polyplexes, liposomes and LPR, no free polyplexes were detected in the LPR solution indicating that all polyplexes were encapsulated inside liposomes (Figure S1).
Intravenous LPR administration targets and activates splenic antigen presenting cells
The spleen constitutes the lymphoid organ where T-cell immunity against blood-borne antigens is initiated and thereby represents the major target of systemic mRNA vaccines. The functional bio-distribution of mRNA was assessed through incorporation of Firefly Luciferase (Fluc) encoding mRNA into LPR and full body bioluminescence imaging (BLI). A rapid and sustained Fluc expression was observed in the spleen, whereas no significant expression was detectable in other body parts. These data were confirmed by organ isolation, which showed an exclusive splenic BLI signal (Figure 2A-B ). Of note, LPR were previously reported to be also delivered in other organs and notably in the liver. 15 Nevertheless, no luciferase expression was observed in the liver.
Splenic expression was strongly diminished in transgenic CD11c-diphtheria toxin (DT) receptor mice treated with DT prior to Fluc mRNA LPR administration (Figure 2C ), suggesting mRNA expression predominantly occurs in DCs. To further delineate the location of the mRNA uptake we incorporated Cy5-labeled mRNA into LPR. Sections obtained from spleens dissected four hours post injection were stained for CD3 and B220 to respectively visualize T cells and B cells present in the white pulp. Large Page 5 of 40   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60   6   numbers of Cy5-labeled LPRs accumulated in the area surrounding the white pulp, which corresponds to the marginal zone sinuses of the spleen (Figure S2 ). To characterize more specifically the cell types that express LPR delivered mRNA, we injected ROSA26-loxP-Stop-loxP RFP transgenic mice with LPR that contain CRE Recombinase mRNA. 18 In these mice, cells expressing CRE will remove the floxed stop codon enabling Red Fluorescent Protein expression to unfold. Spleen sections stained for CD11c and MOMA-1 revealed RFP expression in CD11c DCs, yet also in MOMA-1 macrophages ( Figure 2D) . When LR were modified with tri-mannose, a BLI signal was also detected in the spleen, but the BLI signal in LPR injected mice was higher than in LR injected mice ( Figure S3 ). The higher BLI signal suggested either a better transfection efficiency of DC with LPR than with LR or a better delivery of LPR in the spleen notably in splenic DCs.
DC maturation constitutes an essential prerequisite for efficient T-cell priming and effector/memory T-cell differentiation. We thereby determined the maturation status of CD8a DCs and of CD11b DCs -the two major conventional DC populations present in the spleen. 19 An overview of the gating strategy applied to identify splenic DC subsets is given in Figure S4 . In response to systemic LPR administration, CD8a DCs -the crosspresenting DC subset generally considered vital for initiation of CD8 T-cell immunityexhibited a pronounced upregulation of MHC class II, CD86 and CD40. 20 CD86 and CD40 were also upregulated on the CD11b DC subset, albeit to a lesser extent ( Figure   2E ). Taken together, these data demonstrate that systemic administration of LPR not only targets mRNA expression to the relevant antigen presenting cells of the spleen, but also properly activates them to subsequently prime T cells. mRNA -a mixture of mRNAs encoding the immune-stimulatory proteins CD40L, CD70 and caTLR4 -to the antigen encoding mRNA further enforced the evoked cytolytic Tcell responses ( Figure 3A) . 22, 23 These responses increased in a dose dependent fashion, evidenced by the increased percentages of OVA-specific CD8 T cells and by the elevated numbers of IFN-γ secreting OVA-specific T cells at the higher dose ( Figure   S5A showing that LR was not an efficient formulation to induce a specific immune response upon intravenous injection. 25 In addition, the advantage of the Tri-mannosylated liposomes over non-mannosylated liposomes is also shown, and in line with results previously reported. 15 Thus, even with Tri-Man targeting DCs, the efficiency of LR was still lower than with LPR.
Systemic administration of LPR instigates superior T-cell immunity compared to

Systemic LPR administration elicits profound antitumor immunity
The therapeutic benefit of systemic LPR immunization was assessed in the aggressive TC-1 tumor model, which expresses the HPV16 oncoprotein E7. Therapeutic vaccination consisted of three IV immunizations with E7/TriMix mRNA LPR. Antitumor efficacy was benchmarked against immunization with LR (Figure 4A mRNA electroporated DCs were selected as benchmark as this approach was demonstrated to be sufficiently powerful to yield clinical benefit in melanoma patients in a phase II study. 26 Systemic LPR treatment dramatically improved the median survival time of TC-1 inoculated mice and was even superior in controlling tumor growth in comparison to treatment with LR and electroporated DCs, respectively. As a consequence, these data highlight the capacity of LPR to yield effective antitumor immunity. TLRs recognizing viral RNAs (TLR3, TLR7) were increased, whereas transcript levels for TLR recognizing bacterial ligands (TLR4 and TLR5) remained unaffected or were even slightly downregulated. In addition to these typical antiviral mediators, spleens of 3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 10 capacities to reduce innate RNA recognition and to increase the translational capacity of mRNA. 9, [36] [37] [38] [39] First, we addressed the impact of N1mψ nucleoside modified mRNA on serum titers of inflammatory cytokines after systemic LPR administration. Cytokine heatmaps obtained at respectively 2 hours and 6 hours post injection revealed a general reduction in inflammatory responses to LPR containing N1mψ nucleoside modified mRNA ( Figure   6A -B and Figure S8A -D). Unmodified mRNA LPR instigated strong increases in serum titers of IFN-α, IL-6, CCL-2 (MCP-1), CXCL-10 (IP-10), mirroring the increased expression levels we detected for these cytokines in the spleen. IL-12 and TNF-α were moderately elevated, whereas levels of IL-1α and IL-1β were only slightly augmented compared to untreated mice. Use of N1mψ nucleoside modified mRNA resulted in a reduced pro-inflammatory cytokine profile in blood of LPR treated mice, with prominently reduced titers of IFN-α and of IL-6. Levels of IL-12 and CXCL-10 were also significantly reduced, albeit to a lesser extent. CCL-2 was significantly reduced at two hours post injection but not at 6 hours post injection (Figure 6A and Figure S8D ). IL-1α, IL-1β were only marginally upregulated irrespective of the mRNA format ( Figure 6A and 
LPR induced type I IFN are dispensable for cytolytic T-cell differentiation
N1mψ modified mRNA does not hamper antitumor T-cell immunity to LPR
To address how the combination of elevated antigen expression levels with reduced inflammatory responses upon use of N1mψ nucleoside modified mRNA impacts the magnitude of the LPR instigated T-cell responses, we quantified the percentages of circulating antigen-specific T cells and their IFN-γ secretion upon restimulation. N1mψ
Page 10 of 40   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 11 nucleoside modified mRNA did not interfere with the initial priming and expansion of antigen-specific T cells. Instead, after the third immunization, mice immunized with N1mψ nucleoside modified mRNA LPR even displayed elevated percentages of antigen-specific CD8 T cells (Figure 7A-C) . The fraction of OVA specific CD8 T cells that rapidly responded with IFN-γ secretion upon in vitro peptide restimulation was however reduced from 60% (unmodified mRNA) to approximately 40% in the modified mRNA group (Figure 7D) . These data support 3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 mRNA with liposomes in LR, which likely makes the difference. In the LPR formulation, the mRNA is condensed with the polymer and then encapsulated in a liposome. In contrast, mRNA is sandwiched between lipid layers in LR. The targeting to DCs of LR and LPR by mannose moieties via the mannose receptor would not be different.
However, the presence of the mRNA-condensing polymer would modify the release and/or intracellular trafficking of mRNA and therefore the sensing by pattern recognition receptors as those involved in IFN type I activation. We showed that similar effect but in a lower extent was obtained with RNAiMAX-based LR and LPR. Therefore, the mRNA complexation with the cationic polymer would be rather responsible than the nature of liposomes.
The antitumor capacities of systemic immunization with N1mψ nucleoside modified mRNA LPR and unmodified mRNA LPR were compared in the subcutaneous TC-1 (Figure 7H-J) and B16-OVA tumor models ( Figure 7J ). The growth curve shows the lack of growth control for LR with N1mψ nucleoside modified mRNA, as opposed to the LPR treated mice where no significant differences were observed between the two treatment groups. Similar observations were obtained in the highly aggressive subcutaneous B16-OVA model, with both treatment modalities being equally potent in stalling tumor growth ( Figure 7J) . Taken together, these data demonstrate LPR can be combined with N1mψ nucleoside modified mRNA to improve inflammatory safety upon systemic administration without hampering the functionality and antitumor efficacy of the evoked T cell response.
Incorporation of N1mψ nucleoside modified mRNA reduces LPR evoked type I IFN on human PBMCs
Finally, we aimed to assess the translational potential of using N1mψ modified nucleoside mRNA LPR by assessing hemocompatibility, transfection efficiency and cytokine responses on human peripheral blood mononuclear cells (PBMCs). The hemocompatibility of LPR was addressed on human blood according to the guidelines of the US Nanotechnology Characterization Laboratory (NCL). LPR were evaluated at mRNA plasma-concentrations corresponding to intravenous injection of respectively 1250 µg (223 ng/ml), 250 µg (44.6 ng/ml) or 50 µg of mRNA (8.9 ng/ml). At none of the Page 12 of 40   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60   13 assayed doses, LPR induced significant complement activation -as determined by Western Blot quantification of C3a cleavage (Figure 8A-B) . Hemolysis was determined through measurement of hemoglobin release on Li-heparin anticoagulated blood from two different healthy donors. None of the LPR incubated samples showed significant hemolysis according the NCL criteria ( Figure 8C) . Finally, platelet aggregation was quantified on pooled platelet rich plasma (PRP) obtained from four healthy donors. At the evaluated doses, LPR did not evoke significant platelet aggregation (Figure 8D) .
To assess whether LPR can transfect human antigen presenting cells, we incubated monocyte derived DCs from healthy donors with LPR containing eGFP mRNA. As can be appreciated from Figures S10A-B 
CONCLUSIONS:
In conclusion, we have demonstrated that systemic immunization with LPR comprising Page 13 of 40   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 O,O-dioleyl-N-histamine phosphoramidate (Lip2) were synthesized as described. 16, 42 TriManlip100 liposomes were prepared at 5.4 mM by mixing in ethanol Lip1, Lip2 and TriMan-Lip in the percentage of 47.5%, 47.5% and 5%, respectively. Solution was then evaporated until formation of a film. The film was hydrated for 12 h at 4°C in 1 mL of 10 mM RNase free HEPES buffer, pH 7.4, vortexed and then the suspension was Page 14 of 40   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 15 sonicated for 15 min at 37 kHz using a Bioblock ultrasonic bath (Bioblock Scientific, Illkirch, France). Liposomes were dialyzed (Dialysis Tubing Cellulose membrane; MWCO: 12.4 kDa; size: 33 x 21 mm, Sigma) at 4°C for 6 hours and then overnight against 500 mL 10 mM RNase free HEPES buffer, pH 7.4. The lipid concentration was determined with Nile Red. The amount of mannosylated lipid per liposome was determined using the colorimetric resorcinol/sulfuric assay. 43 PEGylated and histidinylated polylysine (PEG-HpK; average Mw of 75.4 kDa) was poly-L-lysine of degree of polymerization substituted at 45% with histidine residues and one mPEG molecule of 5 kDa prepared as described. 25, 44 LPR preparation. LPRs were prepared as previously described. 15 In vivo bioluminescence imaging. In vivo bioluminescence imaging was conducted on the Photoimager Optima (Biospacelab, France) using the Photo Acquisition software 2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 16 Version 3.4 (Biospacelab, France) and the analysis M3 Vision Software 1.0.7.1178
(Biospacelab, France) as previously described. 45
In vivo killing assay. The assay was performed as previously described. 1
Cytokine secretion by peripheral blood mononuclear cells (PBMCs). PBMCs were isolated from whole blood and cultured according to procedure ITA-10 described by the Nanoparticle Characterization Laboratory (NCL) of the National Cancer Institute Platelet aggregometry. Platelet aggregations were performed according to procedure ITA-2.2 described by the NCL, with minor modifications. In brief, blood was withdrawn from healthy volunteers and anticoagulated with 3.2% w/v trisodium citrate. Whole blood was centrifuged for 8 minutes at 200 x g or for 10 minutes at 2500 x g to prepare platelet-rich plasma (PRP) or platelet-poor plasma (PPP), respectively. PRP and PPP 2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58 3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 18 normalized for lane background and expressed as a ratio compared with negative control samples.
Hemolysis assay.
Hemolytic properties of nanoparticles were assessed according to procedure ITA-1 described by the NCL. In short, blood anticoagulated with lithium heparin was collected from healthy volunteers and assessed for the presence of < 1 mg/mL free plasma hemoglobin using a calibration curve of human hemoglobin ( 3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 Confocal imaging. Confocal imaging was performed on spleen sections from C57BL/6 WT mice obtained from Harlan or from Rosa x tdRFP mice. The following antibodies were used: CD3e (145-2C11) was purchased from Tonbo Biosciences. CD11c (HL3), CD11b (M1/70) and B220 (RA3-6B2) were obtained from BD Biosciences. CD169
(MOMA-1) was obtained from Serotec Bio-Rad. Briefly, 7-µm spleen frozen sections were fixed for 4 min in PFA 2%. After washing with PBS, sections were stained with the primary antibodies for 60 min at room temperature, followed by a 30-min incubation period with secondary antibodies (obtained from Invitrogen; catalog numbers A11008 Tumor experiments. Mice were inoculated subcutaneously with 2 x 10 5 TC-1 tumor or 2 x 10 5 B16-OVA tumor cells in 50 µl PBS in the right flank. Ten days post injection, the mice were randomly assigned to the distinct immunization groups.
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Figure 3. Systemic LPR administration instigates potent T-cell immunity. (A)
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